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(57)Abstract: 

PURPOSE: To make it possible to level off the number of control rod 
drive mechanism to be checked in periodic inspections and 
consequently optimizing the inspection cost and process and the 
quantity of work, contributing to the improvement in the reliability of the 
control rod drive mechanism and the efficiency of maintenance work. 
CONSTITUTION: This device is equipped with an information inputting 
and outputting unit 2 to input and output data about the arrangement 
of control rod drive mechanism in a core, the number of operation 
cycles after an inspection and others and those about future 
inspection plans, an information recording and storing unit 3 to record 
and store the information of such data, an information processing unit 
4 to process the information about the formulation of long- term 
inspection plans based on such data and an information displaying 
unit 5 to display the information about the formulated long-term 
inspection plans. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In planning of the check plan of the control rod drive mechanism 
(CRD) of an atomic power plant, this invention relates to the long-term check planned 
planning method and equipment of a control rod drive mechanism which can equalize the 
number of the control rod drive mechanism checked with one periodic check at the same 
time it optimizes reactor core arrangement of the control rod drive mechanism to check. 
[0002] 

[Description of the Prior Art] Conventionally, planning of the check plan of the control 
rod drive mechanism of an atomic power plant is judged by the technician of a design or 
maintenance based on various information gathering, the analysis of those and 
experience, knowledge, etc. 

[0003] For example, the decision person of a check plan collected and analyzed check 
required for the performance of a control rod drive mechanism, or evaluation of a 
degradation situation, and maintenance information, and has decided upon the check plan 
of a control rod drive mechanism based on the judgment procedure and judgment 
knowledge as an expert. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, the performance of a control rod 
drive mechanism may appear as big influences of overmaintenance, decline in the 
operating ratio by fault and the increase in failure, economical loss, etc. in the check plan 
upon which may produce an early situation and a difference, consequently it decided in 
early stages of employment of a plant by various maintenance services, such as long term 
deterioration or a device, and exchange of parts. 

[0005] moreover, in the former, since the check work of a control rod drive mechanism is 
individually done about the control rod drive mechanism extracted in reactor core 
arrangement in the random position, while causing decline in working capacity, 
protraction of the time necessary for completion, etc., other check and parallel work with 
a maintenance service are troublesome — etc. - there was also a problem 
[0006] furthermore, when changing extending a check cycle etc., it is necessary to form 
the long-term check plan over the future, and in the Prior art upon which it decides for 
every specific periodic check, the need of checking many control rod drive mechanisms 
intensively with a future periodic check may arise, or the contradiction of a check place 
being diversified may be produced 

[0007] this invention was made based on such a situation, and is set to planning of the 
check plan of the control rod drive mechanism of an atomic power plant. The number of 
the control rod drive mechanism checked with one periodic check at the same time it 
optimizes reactor core arrangement of the control rod drive mechanism to check can be 
equalized. By carrying out grouping of the control rod drive mechanism which can 
optimize check costs, a process, and rating by this, and can contribute to the improvement 
in reliability of a control rod drive mechanism, and the increase in efficiency of a 
maintenance service, and is checked on reactor core arrangement Other check of the fuel 



exchange work done in a periodic check at the period and parallel work with a 
maintenance service are enabled, and it aims at offering the long-term check planned 
planning method and equipment of a control rod drive mechanism which can be 
contributed also to process shortening of a periodic check. 
[0008] 

[Means for Solving the Problem] In order to attain the aforementioned purpose, the long- 
term check planned planning method of the control rod drive mechanism concerning this 
invention About each control rod drive mechanism prepared in the reactor, the reactor 
core arrangement and long-term check planned planning equipment of a control rod drive 
mechanism It asks for the data about the number of after [ check ] run cycles operated 
after the last check required for planning of a prolonged check plan. The aforementioned 
control rod drive mechanism is divided into two or more groups by the partition method 
which makes one group two or more control rod drive mechanisms of contiguity 
arrangement, and it is characterized by setting up sequentially from the group containing 
most control rod drive mechanisms with many aforementioned cycles performing the 
check on and after next time per group. 

[0009] In this case, it is desirable to set up for check of some of control rod drive 
mechanisms with many aforementioned cycles which belong to groups other than this 
group for that the check of every to also be combined in addition to checking sequentially 
from the included group, and perform a control rod drive mechanism with many after [ 
check ] run cycles. 

[0010] Moreover, the long-term check planned planning equipment of the control rod 
drive mechanism concerning this invention The information I/O device which performs 
I/O with the data of reactor core arrangement of a control rod drive mechanism, the 
number of after [ check ] run cycles, and others, and the data about future check plans, It 
is characterized by having the information record which performs information record and 
preservation of the aforementioned data, preservation equipment, the information 
processor which performs information processing about planning of a long-term check 
plan based on the aforementioned data, and the information display which displays the 
information about the drawn-up long-term check plan. 
[0011] 

[Function] While optimizing reactor core arrangement of the control rod drive 
mechanism to check in planning of the check plan of the control rod drive mechanism of 
an atomic power plant according to this invention, the number of the control rod drive 
mechanism checked with one periodic check can be equalized, check costs, a process, 
and rating can be optimized by that cause, and it can contribute to the improvement in 
reliability of a control rod drive mechanism, and the increase in efficiency of a 
maintenance service. 

[0012] Moreover, by carrying out grouping of the control rod drive mechanism to check 
on reactor core arrangement, other check of the fuel exchange work done in a periodic 
check at the period and parallel work with a maintenance service are enabled, and it can 
contribute also to process shortening of a periodic check. 
[0013] 

[Example] Hereafter, the example of this invention is explained with reference to a 
drawing. In addition, this example applies about the control rod drive mechanism (CRD) 
of a boiling water reactor (BWR). 



[0014] Drawing 1 shows the block composition of one example of this invention. 
[0015] Information I/O device 2 of the long-term check plan data drawn up by data and 
long-term check planned planning equipment 1, The information record-keeping 
equipment 3 of the aforementioned data and the aforementioned long-term check plan 
data, The information processor 4 which draws up the prolonged check plan to the check 
cycle point by various data and long-term check planned planning technique 4a 
memorized by this information record-keeping equipment 3, It consists of information 
displays 5 which offer the long-term check plan data drawn up by the various data and 
the information processor 4 which were memorized by information record-keeping 
equipment 3. 

[0016] Drawing 2 shows the procedure of the method of this example with the flow chart. 
[0017] In this example, the number of plant operation cycles (it abbreviates to the cycle 
after check hereafter) which is not rechecking by being used after reactor core 
arrangement of a control rod drive mechanism and the last check is first prepared as data 
required for planning of a prolonged check plan. 

[0018] Next, check cycle several n of the control rod drive mechanism after change 
(extension) is specified. And a long-term check plan is drawn up by performing the group 
division which divides reactor core arrangement of a control rod drive mechanism into n 
groups, and selecting the control rod drive mechanism used as the candidate for check to 
n cycle point. First, it is referred to as i= 1 and the control rod drive mechanism checked 
with a next periodic check is selected. 

[0019] Here, it selects as a control rod drive mechanism which checks all the control rod 
drive mechanisms of the group containing most control rod drive mechanisms from 
which the number of after [ check ] cycles serves as the longest, and the control rod drive 
mechanism of the longest cycle after check contained in the fewest group and the group 
few to the 2nd with the periodic check of i cycle point. And the number of after [ check ] 
cycles of the selected control rod drive mechanism is set to "1", and 1 **** of the 
numbers of after [ check ] cycles of the remaining control rod drive mechanism is carried 
out. Moreover, 1 **** of i is carried out. 

[0020] This procedure is repeatedly performed until it becomes i>n. This enables it to 
have selected the control rod drive mechanism used as the candidate for check to i cycle 
point one by one. 

[0021] Next, it asks for the deflection (let this be an optimization index) x from a 
standard like a lower formula using the number N of standard check broken by the check 
cycle n after changing the number Ci of check in i cycles each, and the number of all 
control rod drive mechanisms. 
[0022] 
[Equation 1] 



[0023] And a group division of reactor core arrangement is changed, and the above- 
mentioned procedure is repeated and performed so that this value of x may serve as the 
minimum. The selection result of a control rod drive mechanism used as the candidate for 
check to n cycle point obtained when x was group division used as the minimum is 
considered as the optimal long-term check plan, and is offered. 



[0024] Hereafter, the method of this invention is explained based on a concrete example. 
[0025] Drawing 3 shows the position (one frame is equivalent to one control rod drive 
mechanism) of the control rod drive mechanism on reactor core arrangement of BWR, 
and the numeric value within the limit shows the number of plant operation cycles (it 
abbreviates to the cycle after check hereafter) used without checking after the last check, 
here - for example, a numeric value "5" within the limit should pass 5 times of plant 
operation cycles from the last check - it is shown that it is In the case of the plant which 
has specified the check cycle of a control rod drive mechanism as 5 cycles, this control 
rod drive mechanism shows the bird clapper for check with the next periodic check. 
[0026] In addition, the example of drawing 3 makes 5 cycles the check cycle of a control 
rod drive mechanism, and shows an example of the control rod drive mechanism check 
plan of a general plant which has been checking the control rod drive mechanism of a 
random position on reactor core arrangement. 

[0027] Drawing 4 (1) - (8) diagrams the information processing procedure (algorithm) of 
the long-term check planned planning technique in the case of changing the check cycle 
of a control rod drive mechanism into 7 cycle (equivalent to the thing which divided 
reactor core arrangement into seven and for which a control rod drive mechanism is 
checked for every group) from 5 cycles (equivalent to the thing which divided reactor 
core arrangement into five and for which a control rod drive mechanism is checked for 
every group). Hereafter, drawing 4 explains the algorithm of the long-term check planned 
planning technique. 

[0028] Like this example, when changing a check cycle (extension), the control rod drive 
mechanism which has passed 5 cycles since the last check may be contained in each 
group. In this case, it selects so that the control rod drive mechanism which passed all the 
control rod drive mechanisms of Group A and 5 cycles of Groups F and G in the control 
rod drive mechanism checked with the 1st periodic check after cycle change as shown in 
(1) of drawing 4 may be checked. However, Group A is a group with most control rod 
drive mechanisms which have passed 5 cycles since the last check, and selects Groups F 
and G here in order of a group with few control rod drive mechanisms which have passed 
5 cycles since the last check. 

[0029] next, the cycle after check of other control rod drive mechanisms which were not 
selected while setting to "1" the cycle after check of the control rod drive mechanism 
selected by the above-mentioned procedure, as shown in drawing 4 (2) — "1" ~ it is made 
to increase That is, the cycle after check of each control rod drive mechanism in a next 
periodic check is set up. 

[0030] Hereafter, the long-term check plan of the control rod drive mechanism to the 
check cycle point after change can be drawn up with the same procedure. 
[003 1] For example, it selects so that the control rod drive mechanism which passed all 
the control rod drive mechanisms of Group B and 6 cycles of Groups C and D in the 
control rod drive mechanism checked with the 2nd periodic check after cycle change as 
shown in (2) of drawing 4 may be checked. However, Group B is a group with most 
control rod drive mechanisms which have passed 6 cycles since the last check, and 
selects Groups C and D here in order of a group with few control rod drive mechanisms 
which have passed 6 cycles since the last check. 

[0032] next, the cycle after check of other control rod drive mechanisms which were not 
selected while setting to "1" the cycle after check of the control rod drive mechanism 



selected by the above-mentioned procedure, as shown in drawing 4 (3) — "1" — it is made 
to increase That is, the cycle after check of each control rod drive mechanism in a next 
periodic check is set up. 

[0033] By repeating the above procedure, the long-term check plan of the control rod 
drive mechanism to the check cycle point after change can be drawn up. 
[0034] Drawing 5 (1) - (8) the check cycle of a control rod drive mechanism from 5 
cycles (equivalent to the thing which divided reactor core arrangement into five and for 
which a control rod drive mechanism is checked for every group) The planning procedure 
of the long-term check plan in the case of changing into 8 cycles (equivalent to the thing 
which divided reactor core arrangement into eight and for which a control rod drive 
mechanism is checked for every group) is diagramed. By applying the algorithm of the 
long-term check planned planning technique explained using drawing 4 , it is not based 
on the method of change of a check cycle, but it is shown by the proposed long-term 
check planned planning technique that the prolonged check plan of a control rod drive 
mechanism can be drawn up. 

[0035] Also in the state of checking the control rod drive mechanism of a random 
position in the reactor core arrangement, the plant to apply can only change the setting 
method of a group into all in the state of checking the control rod drive mechanism by 
which grouping was already carried out, simply, and can apply this long-term check 
planned planning technique to them. 

[0036] I>awing.6 shows an example of the screen of the information I/O device of the 
long-term check planned planning equipment realized using the long-term check planned 
planning technique shown in drawing 4 and drawing 5 . That is, this example explains the 
example which draws up the long-term check plan at the time of extending a check cycle 
in 7 cycles (change), and dividing into a flabellate from a reactor core center at seven 
groups from the control rod drive mechanism check plan data (a check cycle is data with 
the random reactor core arrangement in 5 cycles) of a plant in which the cycle after check 
shown in drawing 3 and its reactor core arrangement are shown. 
[0037] The screen on the left-hand side of drawing 6 shows the position (one frame is 
equivalent to one control rod drive mechanism) of the control rod drive mechanism on 
reactor core arrangement of BWR, and the numeric value within the limit shows the 
number of cycles after the last check. This cycle data can input the group number to 
divide in the cycle after the last check by the dialogic operation of this screen by pointing 
to the frame on a screen and inputting a numeric value with input units, such as a 
keyboard, by the information I/O device of long-term check planned planning equipment, 
with input units, such as a mouse. 

[0038] Moreover, although division of a group selects and displays the optimal division 
method automatically by the long-term check planned planning technique in which it 
explained using drawing 4 , it is also possible as an operation demand of an equipment 
user to set up by the manual and to decide upon a long-term check plan by directing the 
frame on BWR reactor core arrangement with input units, such as a mouse. 
[0039] The screen on the right-hand side of drawing 6 shows the number according to 
after [ check ] cycle of the control rod drive mechanism belonging to each group obtained 
by the alter operation of the information mentioned above. For example, the thing of the 
cycle after check of Group A "5" which four control rod drive mechanisms are is shown. 
That is, this example is equivalent to the data set as the information processing object of 



long-term check planned planning, and is equivalent to (1) of drawing 4 . Based on this 
data, the long-term check plan of the control rod drive mechanism to the check cycle 
point can draw up automatically by the long-term check planned planning technique in 
which drawing 4 was used and explained. 

[0040] jC>rawing.7 shows the number and its number of accumulation of the control rod 
drive mechanism checked in each cycle to the check cycle point upon which it was 
decided by the long-term check planned planning technique and this equipment based on 
the data of dra wing 6 . 

[0041] Although it becomes check of each set-up group unit from 7 cycle point here, the 
control rod drive mechanism to which the check number of a control rod drive 
mechanism checks all about four control rod drive mechanism number of a plant by nine 
sets and average at the maximum rather than a check cycle (they are about 20 sets in the 
number of balance beams broken by 7 cycle in this case and this case) is increasing from 
1 cycle to the transition stage of 6 cycle **. This is the increase in the number produced 
from the work which checks the control rod drive mechanism of a random position in 
order to change so that the control rod drive mechanism of the arrangement (position by 
which grouping was carried out) which approaches as shown in drawing can be checked. 
[0042] In order that the long-term check planned planning technique of this example may 
equalize the number of the control rod drive mechanism checked in each cycle While 
changing serially a setup of the grouping shown in drawing 6 (the form of the first 
division is changed) and processing information about all setups By asking for the 
division method of the group which makes these the minimum as an index of 
optimization of the maximum or the average, and both the values of the number of an 
increase from the number of balance beams mentioned above While equalizing the 
number of check to the check cycle point, the long-term check plan which carries out 
grouping of the reactor core arrangement of a check control rod drive mechanism can be 
drawn up and offered. It is realizable by asking for the group which makes the minimum 
the optimization index x which was mentioned above as an example. 
[0043] In addition, the long-term check plan (result of the group division which equalizes 
the number of check to the check cycle point) by this example is equivalent to the result 
which drew up the check plan in which 7 cycles carried out grouping from the check plan 
of 5 cycle to the check cycle point, without exceeding the set-up number of cycles as the 
purpose of here. 

[0044] Moreover, as an index of optimization, not only the thing about the check number 
of the control rod drive mechanism mentioned above but the thing for which costs and 
the routings of check work (time, artificial number, etc.) are applied is possible. 
[0045] 

[Effect of the Invention] As explained in full detail in the above example, while 
optimizing reactor core arrangement of the control rod drive mechanism to check in 
planning of the check plan of the control rod drive mechanism of an atomic power plant 
according to this invention, the number of the control rod drive mechanism checked with 
one periodic check can be equalized, check costs, a process, and rating can be optimized, 
and it can contribute to the improvement in reliability of a control rod drive mechanism, 
and the increase in efficiency of a maintenance service. 

[0046] Moreover, by carrying out grouping of the control rod drive mechanism to check 
on reactor core arrangement, other check of the fuel exchange work done in a periodic 



check at the period and parallel work with a maintenance service are enabled, and it can 
contribute also to process shortening of a periodic check. 



[Translation done.] 



